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© System for extracorporeal blood treatment. 
© A system for extracorporeal blood treatment comprising 
a monitor (3) for the control of the course of the treatment, a 
treatment unit (27) for the treatment itself and a tube system 
(1) for the conducting of blood from a patient to the 
treatment unit and back to the patient under control by the 
monitor (3). The duct system is in the form of a substantially 
rigid cassettelike (1) which is adapted to be fixed on the 
monitor (3) in such a manner that the desired functions, such 
as the control of pressure and/or temperature and/or pump- 
ing of the blood are transmitted directly between the monitor 
(3) and the cassette (1) through coupling of the latter to the 
monitor (3) and via two tubes (11, 11') to the patient and via 
two further connecting ducts (26, 28) to the treatment unit 
(27) itself, The invention also comprises a cassettelike holder 
for a conventional tube system, by means of which the 
control function of the monitor (3) is arranged to be 
transmitted to this conventional tube system when it is fixed 
to the monitor (3) with the help of the holder at the place 
intended for fixing the cassette. 
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TITLE 

SYSTEM FOR EXTRACORPOREAL BLOOD TREATMENT 
TECHNICAL FIELD 

5 The present invention relates to a system for extracorporeal 

blood treatment comprising a monitor for the control of the 
course of the treatment, a treatment unit for the treatment itself 
and a tube system for the conducting of blood from a patient to 
the treatment unit and back to the patient under control by the 
10 monitor. 

The invention is intended in particular to be applied in con- 
nection with haemodialysis, haemofil tration and immunotherapy. It 
will be clear, however, to those versed in the art that it can be 
applied advantageously in connection with any kind of extracorporeal 
15 blood treatment. 

BACKGROUND ART 

In extracorporeal blood treatment normally different types of 
tube systems are used which conduct the blood to and from the 
20 patient, to and from the treatment unit, e.g. a dialyzer, and to 
and from different functional positions, such as stations for 
pumping, pressure measurement, temperature measurement, sampling, 
injection etc. After fixing the tube system to a control monitor 
and connecting it to the same, the system is connected to the 
25 patient, dialyzer or some other treatment unit. The more functions 
are to be included, the more complicated becomes the tube system 
and its fixing and connecting up respectively. 

Attempts have also been made to integrate certain functions in 
cassettelike units to be fixed to the dialyzer and/or to the front 
30 of the control monitor. See for example GB patent 1 601 855 and 
1 601 856, US patents 4 211 597 and 4 231 871 and European patent 
application 82.420073, published under No. EP 0 069 029. 

DISCLOSURE OF INVENTION 
r 35 The invention thus relates to a system for extracorporeal blood 
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treatment of the type defined above and comprises a flexible tube 
or -duct system of the lastmentloned type, that 1s to say a cassette- 
like unit. More particularly the system in accordance with the 
invention 1s characterized in that the said duct system is in the 
5 form of a substantially rigid cassette which 1s adapted so as to 
be fixed on, and connected to, the monitor in such a manner that 
the desired functions such as the control of pressure and/or tempe- 
rature and/or pumping of the blood are transmitted directly bet* 
ween the monitor and the cassette through coupling of the latter 

10 to the monitor and via two flexible tubes to the patient and via 
two further connecting ducts to the treatment unit Itself. 

The monitor preferably comprises one or more pressure trans- 
ducers which are adapted so that they are acted upon mechanically 
by the cassette when the same is fixed to the monitor. For example 

15 the cassette may be adapted so that it presses against the pressure 
transducer with the help of a flexible wall which by means of 
suction is fastened to the pressure transducer for the measurement 
of the absolute positive or negative pressure in the cassette. In 
this way the pressure can be measured without any direct contact 

20 between the blood and the pressure transducer. Neither are any duct 
connections comprising liquid-tight filters or membranes required 
as customary otherwise in connection with blood pressure measure- 
ment in extracorporeal systems. 

the monitor appropriately comprises a source of positive and/ 

25 or negative pressure arranged so that on fixing of the cassette it 
is made to communicate directly with the air space in a drip chamber 
arranged in the cassette so as to regulate the level therein. In 
this way good safety against air embolism is achieved, especially 
by inclusion of the drip chamber in the cassette. The connecting 

30 up of the level regulator thus takes place automatically and cannot 
be forgotten. 

The monitor moreover may comprise in conventional manner one 
or more driving elements for one or more tube pumps. The tube seg- 
ment^) entering into these pumps preferably consist of segments 
35 firmly joined to the cassette. In this manner a correct connecting 
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up of the pump function. is facilitated. It can thus be ensured that 
segments are not connected up, backwards which is possible in many 
conventional tube systems. 

The cassette may further comprise one or more expansion cham- 
5 bers. These are required, for example, when the system in accordance 
with the invention is used for so-called "single-needle" technique 
and the actual treatment unit used cannot accommodate the varying 
blood volumes, which occur if . in accordance with this technique blood 
is alternately withdrawn from,and returned to, a patient with the 
10 help of only one cannula. 

The monitor and the cassette must of course be adapted accu- 
rately to one another. To make it possible nevertheless to use the 
monitor for conventional tube systems a special cassettelike holder 
has been provided in accordance with the invention, by means of 
15 which the control function of the monitor is arranged to be trans- 
mitted to the conventional tube system when it is fixed onto the 
monitor with the help of the holder at the place intended for 
fixing the cassette. Owing to this possibility of using also con- 
ventional tube systems all the advantages of the cassette can be 
20 obtained whilst retaining the freedom of producing, for example in 
small series, special tube systems for special treatments. 

The cassettelike holder appropriately comprises outlets herme- 
tically attachable to the pressure transducer of the monitor which 
are provided with means for connection to appropriate pressure 
25 measuring positions in the conventional tube system. Through this 
the coupling of this system to the monitor is of course facilitated. 

The cassettelike holder may comprise moreover an outlet herme- 
tically connectable to the said source of positive and/or negative 
pressure which is provided with means for connection to a drip 
30 chamber forming part of the conventional tube system for the regu- 
lation of the level in this drip chamber which should be capable of 
being readily fixed to the holder. 

Furthermore the cassettelike holder and/or the monitor should 
comprise fastening devices for the fixing of one or more pump tube 
35 segments forming part of the. conventional tube system in a firm 
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position or positions in relation to one or more tube pump driving 
elements arranged on the monitor. 

BRIEF DESCRIPTION OF DRAWINGS 
5 Fig. 1 shows a cassette comprising a pump segment in a posi- 

tion before a monitor front ready to be fixed to this front. 

Fig. 2 shows in the same manner a cassette with two pump seg- 
ments. 

Fig. 3 and 4 show schematic and slightly modified flow dia- 
10 grams for the cassettes according to fig. 1 and 2. 

Fig. 5 and 6 show in corresponding manner a flow diagram when 
the cassette according to fig. 3 has been replaced by a holder and 
a conventional tube set. 

Fig. 7 - 11 are two views perpendicular to each other and 
15 three sections respectively through a slightly modified holder. 

Fig. 12 - 14 show three views perpendicular to each other of 
a cassette adapted for blow forming and with a shape adapted to fit 
essentially the same monitor as the holder according to fig- 7-11. 
Fig. 15 finally shows an example of how the pressure trans- 
20 mission between the cassette and the monitor can occur. 

BEST MODE OF CARRYING OUT THE INVENTION 
Single pump system 

The invention is particularly well suited for application to 

25 dialysis. For this reason and for the sake of simplicity the embodi- 
ments included in the following are described with reference to 
dialysis although they can of course also be used in other extra- 
corporeal blood treatment. 

In fig. 1 thus a cassette 1 is shown ready to be fixed to the 

30 front 2 of a dialysis monitor 3. On the outside of the front a tube 
pump 4 is mounted. Inside the outer door 5 of the pump is indicated 
the pump rotor 6. The front carries moreover on its outside conven- 
tional artery and vein clamps 7 and 8 and a heparin pump 9. At the 
back of the cassette are concealed various further connecting ele- 

35 ments for the transmission of functions between the cassette and 
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the monitor. This transmission thus can take place in both direc- 
tions. 

When the cassette 1 is to be fixed the door 5 is opened so 
that the pump segment 10 can be placed around the pump rotor 6.., Then 

5 the door 5 is shut and can thus serve as the only fixing element for 
the cassette 1. It is appropriate, however, to provide further 
fixing either with the help of mechanical means or in that the whole 
cassette 1 is fastened to the front 2 by suction. Other components 
included in the cassette 1 will be referred to later, in particular. 

10 in connection with the description of fig. 3 and 4 and 12-14. 

Double pump system 

In fig. 2 is described an alternative embodiment where the 
cassette is provided with two pump segments. However, as the con- 
struction in principle is the same, identical reference designations 
have been used but with the added letter a. Thus in fig. 2 among 
others the following components are present: 
la - Cassette with two pump segments 
2a - Monitor front 
3a - Monitor 
20 4a - Pump 

5a - Pump door 
6a - Pump rotor 
7a - Vein clamp 
8a - Artery clamp 
25 9a - Heparin pump 

10a and 10b - Pump segment 

FLOW DIAGRAM FOR SINGLE PUMP SYSTEM 

Fig. 3 shows schematically and slightly modified the flow dia- 

30 gram when the cassette in accordance with fig. 1 is used. The blood 
is conducted from the patient via a tube 11 through the. artery clamp 
8 to the inlet 12 of the central part 13 of the cassette 1. From the 
inlet 12 the blood is passed via a short duct ifclinto a first 
pressure measuring head 15 which may be of substantially the same . 

35 construction as that which forms the subject of the Swedish patent. 
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application ........ . submitted. at. the same time. The 

blood 1s then .conducted via the duct 16 to the pump Inlet 17 from 
which a pump segment 10 leads to a pump outlet 19, Numeral 20 
designates a so-called injection port which in the present case is 

5 intended for sampling of non-purified blood. Such sampling is 

carried out by inserting a cannula through a self-closing material , 
e.g. silicone rubber. Numeral 21 designates a connecting nozzle for 
a heparin tube (not shown). This connecting nozzle sits straight 
before the inlet to an expansion chamber 22. The level in the 

10 expansion chamber 22 can be regulated by air being sucked out or 
fed in through a nipple 23. After the blood has passed the expan- 
sion chamber 22 it arrives at a second pressure measuring head 24 
which may be of the same type as the pressure measuring head 15. 
Thereafter the blood is conducted via the duct 25 out into the tube 

15 26 which passes it to the dialyzer 27, indicated symbolically. From 
this dialyzer the blood is returned to the central part 13 via the 
tube 28 and an inlet 29. Oust before this inlet there is a further 
injection port 30* in the duct 30 through which sampling of purified 
blood can be carried out. The duct 30 opens into a drip chamber 31 

20 with an infusion position 30", a float switch 32 and a pressure 
measuring head 33 which again may be of substantially the same type 
as the pressure measuring head 15. The float switch 32 is adapted 
to control a pump arranged in the monitor which is connected to a 
connecting nozzle 34 through which air can be pumped into, or sucked 

25 out from, the drip chamber so as to regulate the level. In the lower 
part of the drip chamber a strainer 35 is indicated symbolically 
just before the outlet 36. From this outlet 36 the blood first 
passes an air switch 37 and then the vein clamp 7 before being 
returned again to the patient. The level regulating connections 23 

30 and 34 may consist of flexible tubes connected to the nozzles inten- 
ded for connection to suitable pumps or other sources of pressure. 
Alternatively the cassette may be adapted so that these points are 
^Htightly pressed directly against suction and/or pressure outlets on 
the monitor front, 

(x): European patent application 84 10 6865*3 
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FLOW DIAGRAM FOR THE DOUBLE PUMP, SYSTEM 

In fig, 4, 1n the same manner as in fig. 3, the flow diagram 
for a cassette" 1s shown which in : ^ts.tase'1s provided with two 
pump segments. The construction in principle 1s the same so that 
5 Identical reference designations have, been used, but with the added 
letter <a. 

The blood is thus conducted visi ; the artery clamp 8a, the inlet 
12a, the duct 14a, the pressure measuring head 15a and the duct 16a 
to the inlet 17a of the pump 4a • The blood 1s then conducted via the 

10 pump segment 10a, the outlet 19a and the duct 25a past the Injection 
port 20a and the slightly modified expansion chamber 22a with hepa- 
rin supply connection 21a and level regulating connection 23a. With- 
out passing any pressure measurement the blood is then conducted 
with the help of the tube 26a to the dialyzer 27a shown schema ti- 

15 cally. From there the blood is then conducted through the tube 28a 
to a pressure gayge 24a which has the same position here as the 
pressure gauge 24, but which measures the outgoing pressure from 
the dialyzer instead of the incoming one. Via a duct 16a 1 , an inlet 
17a 1 , a pump segment 10a 1 and an outlet 19a 1 the blood is then 

20 pumped via a duct 30a with an injection port 30a 1 to a drip chamber 
31a constructed essentially in the same manner as the drip chamber 
31, that is to say with an infusion position 30a M , a float switch 
32a, a pressure measuring head 33a, a connection for level regula- 
tion 34a and a strainer 35a. Finally the blood is returned again to 

25 the patient via the outlet 36a, the air switch 37a and the vein 
clamp 7a. 

HOLDER FOR CONVENTIONAL TUBE SYSTEM 

To allow the monitor forming part of the system in accordance 
30 with the invention to be used also for conventional tube systems, a 
special holder for such systems has been provided in accordance with 
the invention. 

A front view of* this holder is shown in fig. 5. Fig. 6 shows 
moreover a section along the line VI-VI in fig. 5. 
35 . As the function** of certain components in fig. 5 and 6 in prin- 
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ciple agrees with those of corresponding components in fig. 3 iden- 
tical reference designations have been used as far as possible, but 
with the added letter b. The blood is thus fed to the conventional 
tube system through the duct lib via the artery clamp 8b. With the 

5 help of the pump 4b with its inlet 17b, outlet 19b and pump segment 
10b the blood is then pumped via a duct 26b to the dialyzer 27b 
shown schematically. The blood is then returned via the duct 28b to 
the holder lb and more particularly to a drip chamber 31b fixed to 
this holder. The drip chamber is fixed to the holder lb with the 

10 help of a fixing device 31b' which comprises within it a float 
switch 32b. This switch, in the same manner as the switches 32 and 
32a, is adapted to control a pump arranged in the monitor which via 
the level regulating outlet 34b, a duct 34b" 1 and a duct 34b' con- 
trols the level in the drip chamber by pumping of air to and from 

15 this chamber. The duct 34 1 is used also for transmitting the 

pressure from the drip chamber 31b to the pressure measuring head 
33b for measuring the venous pressure. In the same manner the arte- 
rial pressure is measured with the help of a special pressure 
measuring head 15b via a duct 15b' which is connected to the duct 

20 11 at a point (not shown) before the pump 4b. In the same manner 
the pressure measuring head 24b is used for measuring the pressure 
via a duct 24b 1 at a point (not shown) before or after the dialyzer 
27b. The tubes 15b 1 , 34b 1 and 24b' are all connected to respective 
pressure measuring heads via conventional so-called disc filters 

25 15b \ 34b H and 24b" respectively. In the lastnamed case this takes 
place via a duct 24b"'. 

From the drip chamber 31b the blood is passed through a tube 
lib 1 via an air switch 37b and the vein clamp 7b back to the patient* 

30 ALTERNATIVE TECHNICAL CONSTRUCTION OF HOLDER 

Fig. 7 - 11 show a somewhat modified construction of the 
holder in accordance with fig. 5 and 6. For reasons of simplicity 
" and for the sake of clarity in this tase Without any conventional 
- tube system connected. However, as the construction in principle is 
• 35 the same, identical reference designations have been used, but with 
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the added letter c. Three pressure measuring heads are thus design • 
nated 15c, 24c and 33c and their tube connection positions are 
designated 15c', 24c' and 33c'. A fixing arrangement 31c' corres- 
ponds to the fixing arrangement 31b 1 for the drip chamber 31b. To : 
5 prevent the formation of kinks on tubes belonging to the conventio- 
nal tube system, the holder lc is provided with a guide wheel 38c. 
Numerals 39c, 40c, 41c and 42c finally refer to different ducts 
which connect the tube connecting positions 15c', 33c' and 24c* 
respectively to the particular pressure transducer in the monitor 
10 and to a level regulation outlet 34c corresponding to the outlets 
34, 34a and 34b. 

i 

BEST MODE OF CARRYING OUT THE CASSETTE 

In fig. 12 - 14 is shown a preferred embodiment of the cassette 
15 adapted for one pump segment and for manufacture by blow forming. 
By means of this manufacturing process a relatively inexpensive 
cassette suitable for throw-away use can be produced. Alternatively, 
however, the cassette can also be made, for example, by injection 
moulding. 

20 The blow-formed version corresponds in principle with that 

according to fig. 1 and 3. Hence identical reference designations 
have been used with the added letter d. The blood is thus fed via 
the inlet 12d, the pressure measuring head 15d, the duct 16d and 
the pump inlet 17d to the pump (not shown). From the outlet 19d of 
25 the latter the blood is conducted past the injection port 20d and 
the heparin inlet 21d at the inlet to the expansion chamber 22d with 
its level regulating nipple 23d. Subsequently the blood is conducted 
via the pressure measuring head 24d and the duct 25d to the attach- 
ment 25d* for a tube (not shown) intended to be connected to the 
30 dialyzer (also not shown). . ! 

From the dialyzer the blood is returned to a Corresponding 
attachment 29d for another tube corresponding, for example, to the 
V :.. , ; tube 28 in fi g. 3. Via a line or duct 30d the blood is - then led " 
•:•/!: •• ■ P^ st a sampling position 30d' for the sampling of purified blood. 
i» 35 The drip chamber 31d has been given a slightly modified' shape so as 
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to include a-^11ndrt«V'%*«1her'35d'. In the drip chamber are 
present once more an infusion position 31d', a float switch 32d, a 
pressure measuring head 33d l and a connection position 34d intended 
for level regulation. The function is thus the same as for the 
5 cassettes described earlier. A more detailed description of the 
function is therefore not required. 

PRESSURE TRANSMISSION 

To illustrate the function of the abovementioned pressure 

10 measuring head reference is made to fig. 15 which shows separately 
such a pressure measuring head 101 sunk into a machine front 107 
corresponding to the front 2 of the monitor 3 shown in fig. 1. Thus 
in fig. 15 is shown a container 101 with an inlet 102 which via a 
tube 103 communicates with the medium whose pressure is to be 

15 measured. If a through-flowing medium is measured, the container 
101 is of course also provided with an outlet. 

In operating condition the container 101 is sunk into a cavity 
105 in a machine component 106 which is fixed into a front plate 
107, e.g. the front of a monitor for the control of haemodialysis 

20 or haemofiltration. On the machine component 106 a pressure-sensi- 
tive element 108 is fastened with the help of a further machine 
component 109. This component may be screwed on, for example, by 
means of a bolt 110. The pressure-sensitive element 108 may be 
constituted, for example, of a piezoelectric pressure pick-up. 

25 Alternatively it may comprise a wire strain pick-up or any other 
suitable pressure measuring element. With the help of a duct 111 
the cavity 105 can be made to communicate with a source of vacuum 
(not shown). In that manner a pressure-transmitting wall part 112 
of the container 101 is fastened by suction onto the pressure-sensi- 
30 tive element 108, The pressure-transmitting wall part 112 and the 
pressure-monitoring surface of the pressure-sensitive element 108 
are sealed against the surrounding atmosphere with the help of 
annular seals 113, 114 and 115. The lastmentioned seal 115 is thus 
situated inside a lockwasher 116. Finally an electric connection to 
35 the pressure-sensitive element is marked 117 and 118 in fig. 15. 
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If a conventional tube system is connected instead with the 
help of pressure-measuring heads of the type as shown in fig. 5-11, 
it is only necessary for the vacuum duct 111 to be closed before 
the pressure is measured. 

5 If further information regarding the construction and function 

of the pressure-measuring heads^^ required, reference is made to 
patent application ??.*P??!*?r? submitted,. at the same time, from 
which fig. 15 has been taken. 

The invention is not limited only to the embodiments described 

10 above, but can be varied within the scope of the following claims. 
In particular, for example, if it is desired to change from the 
blow forming to the injection moulding process, the shape of the 
components can be modified in substantial respects. In practice it 
has been found that by blow forming relatively thin bases for the 

15 pressure measuring heads can be obtained directly in the actual 

blowing process. If injection moulding is used instead it may become 
necessary to manufacture the pressure measuring heads with open 
bases covered by welded-on or glued-on thin membranes. 

Cap,: European patent application 84 10 6865*3 
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/ CLAIMS ^..,<- 

1, A system for extracorporeal blood treatment comprising a 
monitor (3) for the control of the course of the treatment, % 
treatment unit (27) for the treatment itself and a tube system (1) 

5 for the conducting of blood from a patient to the treatment unit 
(27) and back to the patient under control by the monitor (3), 
c ha racterized in that the tube system is in the form 
of a substantially rigid cassette (1) which is adapted so as to be 
fixed on, and connected to, the monitor (3) in such a manner that 

10 the desired functions such as the control of pressure and/or tempe- 
rature and/or pumping of the blood are transmitted directly between 
the monitor and the cassette through coupling of the latter to the 
monitor and via two flexible tubes (11, IV) to the patient and via 
two further connecting ducts (26, 28) to the treatment unit (27) 

15 itself. 

2. A system in accordance with claim 1, characteri- 
zed in that the monitor (3) comprises one or more pressure trans- 
ducers (108) which are adapted so that they are acted upon mechani- 
cally by the cassette (1) when the same is fixed to the monitor. 

20 3. A system in accordance with claim 2, 

characterized in that the cassette (1) is adapted so 
that it presses against the pressure transducer (108) with the help 
of a flexible wall (112) which by means of suction is fastened to 
the pressure transducer (108) for the measurement of the absolute 

25 positive or negative pressure in the cassette (1). 

4. A system in accordance with claim 1, 
characterized in that the monitor (3) comprises a 
source of positive and/or negative pressure, arranged so that on 
fixing of the cassette (1) it is made to conrmunicate directly with 

30 the air space in a drip chanber (3) arranged in the cassette (1) 
so as to regulate the level therein. 

5. A system in accordance with claim 1, 

c ha r acterized in that the monitoV (3) comprises one 
or more driving elements (6) for one or more tube pumps (4), the 
35 tube segment(s) (10) entering into these pumps (4) being constituted 
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of segments (10) firmly joined to the cassette. 

6. A system in accordance with claim 1, 
characterized in that the cassette (1) comprises one 
or more expansion chambers (22). 

5 7. A system in accordance with anyone of the preceding claims, 

c h a r a c t e r i z e d by a cassettelike holder (lb) for a 
conventional tube system (lib, 15b, 10b, 26b, 28b, 31b) by means of 
which the control function of the monitor (3) is arranged to be 
transmitted to this tube system when it is fixed to the monitor (3) 

10 with the help of the holder (lb) at the place intended for fixing 
the cassette (1). 

" 8. A system in accordance with claims 2 and 7, 
characterized in that the cassettelike holder (lb) 
comprises outlets (15b, 24b, 33b) hermetically attachable to the 

15 pressure transducer (108) of the monitor which are provided with 
means (15b 1 , 15b", 24b', 24b", 34b 1 , 34b") for connection to appro- 
priate pressure measuring positions in the conventional tube 
system. 

9. A system in accordance with claim 4 and 7, 

20 characterized in that the cassettelike holder (lb) 
comprises an outlet (34b) hermetically connectable to the said 
source of positive and/ or negative pressure which is provided with 
means (34b l , 34b", 34 ,n ) for connection to a drip chamber (31b) 
forming part of the conventional tube system for the regulation of 

25 the level in the said drip chamber. 

10. A system in accordance with claim 5 and 7, 
characterized in that the cassettelike holder and/or 
the monitor comprise fastening devices for the fixing of one or 

v more pump segments forming part of the conventional tube system in 
30 a firm position or positions in relation to one or more tube pump 
driving elements arranged on the monitor. 
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